Evidence is presented on the Real Interest Parity Hypothesis for a set of emerging and developed countries. This is done by carrying out a set of unit-root tests on the real interest differentials with respect to Germany and the US. Our results support the hypothesis of a rapid reversion towards a zero differential for developed countries and towards a positive one for emerging markets. An important result is that this adjustment tends to be highly asymmetric and markedly different for developed and emerging countries. Our evidence reveals a high degree of market integration for developed countries and highlights the importance of risk premia for emerging markets.
Does the Real Interest Parity Hypothesis Hold? Evidence for

Developed and Emerging Markets
Introduction
The Real Interest Rate Parity Hypothesis (RIPH) states that if agents make their forecasts using rational expectations, and arbitrage forces are free to act in the goods and assets markets, then real interest rates between countries will equalise.
Several studies have tested this hypothesis since the pioneer papers of Mishkin (1984) and Cumby and Obstfeld (1984) . However, the empirical literature does not offer a conclusive answer regarding the existence of real interest rate differentials (rids). For instance, the evidence found by Gagnon and Unferth (1995) , Ong et al. (1999 ), Evans et al. (1994 , Chinn and Frankel (1995) , Alexakis et al. (1997) , Cavaglia (1992) , Phylaktis (1999) , Awad and Goodwin (1998) , Frankel and Okongwu (1995) , Fujii and Chinn (2000) and Jorion (1996) is mixed. These authors tend to conclude that rids are relatively short-lived and mean-reverting but different from zero in the long-run.
The importance of this hypothesis stems from the fact that empirical evidence can be interpreted as a measure of international integration in goods and assets markets. This is particularly emphasised in Chinn and Frankel (1995) , Phylaktis (1999) , Alexakis et al. (1997) , Awad and Goodwin (1998) , Obstfeld and Taylor (2002) and Mancuso et al (2002) . This is because the RIPH is based on the existence of frictionless markets. It follows that a test of the real interest rate parity is a test of the degree of market integration.
The paper presents further evidence on the RIPH for a sample of small openeconomies in relation to the USA and Germany. We aim to unveil whether some of our set of small open economies have been experiencing ex post real interest rate differentials (rid(s) hereafter) in relation to larger ones. We do so by carrying out a set of unit root tests that will characterise the dynamic behaviour of rids. There are few papers in the economic literature investigating the real interest rate parity hypothesis through unit root tests on rids. The main examples are Meese and Rogoff (1988) , Edison and Pauls (1993) and Obstfeld and Taylor (2002) . Our study complements these authors in three main directions. First, we make use of more powerful unit root tests and take structural changes into account. Second, in line with recent theoretical and empirical models of capital flows, we simultaneously test for the existence of asymmetries and unit roots in the behaviour of rids.
1 Third, we focus both on developed and emerging market economies during a period with a high degree of financial and goods market liberalisation, which is in accordance with the assumptions underlying the real interest rate parity hypothesis. This will allow us to compare the behaviour of rids in developed and emerging markets. Our findings show that rids are in general quickly mean reverting, with a positive mean for emerging markets and zero or close to zero for developed ones. We also show that rids show strong features of asymmetry, but the behaviour for emerging and developed markets is substantially different.
The paper is organised as follows. In the Section 2 we give some theoretical background and describe the methodology involved in the tests; in Section 3 we describe the data; Section 4 presents the results of unit root tests; Section 5 presents the results of the asymmetry tests and Section 6 concludes.
Theoretical background and methodology
As far as agents make their forecasts using rational expectations [represented in equation (3) below], arbitrage forces in the goods and assets markets ensure that the real interest rates parity hypothesis hold. Arbitrage forces are formalised by the uncovered interest rate parity (UIRP) and the relative purchasing power parity (PPP) conditions stated in equations (1) If PPP holds, we can substitute equation (2) into (3) and the result into (1), which yields:
Equation (4) can also be rewritten as
Since 2 are iid N(0, ) t ε ε σ , the expected value of the rid is zero. Now consider that rid t follows a more general stochastic process:
rid a a rid
Assuming that 0 rid is a deterministic initial condition, the solution to the difference equation above is:
If 1 1 a < and allowing t to increase to infinity, the limit towards which the rid converges in the long run is equal to:
Taking expectations of equation (8) and considering the RIPH, we have
It follows from equation (5) that if UIRP, PPP and rational expectations hold, the rid is equal to the unforeseeable disturbance term related to the forecast of exchange rate depreciation 2 . From equation (9) we observe that a rid does not exist in the long run because its unconditional mean, or expected value, is equal to zero. The problem is to verify whether shocks to the series of rids dissipate and the series returns to its long-run zero mean level. This objective can be accomplished by performing unit root tests on the series of rids.
We can represent the model of equation (6) 
where,
2 In fact the ex post rid can also be derived from the Fisher (1930) equation. In that case the ex post rid equals the ex ante rid plus a disturbance term related to the inflation forecast, given that rational expectations is assumed [Mishkin (1984) ].
The following possibilities arise from the estimation of this ADF-type equation ( 
Inequality (12) represents the case in which the parameter ψ is statistically greater than zero. The path of rids in this case would be explosive and the series would not converge to any mean in the long run. In (13) the series contains a unit root and rids follow a random walk with shocks affecting the variable on a permanent basis. In cases (14) and (15) Deviations from the mean are temporary and the estimated root provides information on whether the rid is short-lived or persistent. In (14) the rid follows a stationary process and converges to a zero mean. The RIPH holds and the speed of adjustment of the rid to its equilibrium level is a measure of the degree of persistence. In (15) rids converge to a mean that is different from zero. In summary, short-lived rids are consistent with the RIPH because the series rapidly reverts to zero. Persistent rids that converge to a constant mean that is equal to zero are also consistent with the RIPH, since shocks eventually dissipate. The existence of a mean different from zero may arise theoretically from a country specific risk premium. However, random walks, permanent or explosive rids are inconsistent with the real interest rate parity hypothesis.
Three usual problems with standard unit root tests, such as the ADF, arise. First, it is well known that the power of these tests tends to be very low, leading to over-acceptance of the null of a unit root. The low power problem is magnified for small samples because a stationary series could be drifting away from its long-run equilibrium level in the short-run. Another serious problem of unit root tests is not considering the existence of structural breaks in the series. When there are structural changes, the standard tests are biased towards the non-rejection of a unit root [Perron (1989) ]. Finally, since the work of Neftci (1984) , it has been increasingly recognised that macroeconomic time series show strong asymmetry over the business cycle. If asymmetry is present in rids, linear unit-root tests will suffer from a loss of power. The time-series in their model is written as the sum of a deterministic trend, a random walk and a stationary error. The null corresponds to the hypothesis that the variance of the random walk equals zero, in other words, the variance of the error is constant.
When the series has an unknown mean or linear trend, the tests suggested by Elliot et al (1996) (ERS test hereafter) and Elliot (1999) are recommended. These tests use information contained in the variance of the series to construct a test statistic (DF-GLS and ADF-GLS) that has more asymptotic power than the standard ones. The initial condition is assumed to be zero in the ERS test while it is drawn from its unconditional distribution in Elliot (1999) . Regarding the existence of structural breaks, Perron (1997) developed a procedure to test for unit-roots that endogenously searches for structural breaks in the series using two methods. In the first method, the break date is chosen to be the one in which the t-statistic for testing the null hypothesis of a unit root is smallest among all possible break points. In the second method, the break point corresponds to a maximum of the absolute value of the tstatistic on the parameter associated with the change in the intercept. We will make use of both when testing the RIPH assuming symmetric behaviour of the rid to positive and negative shocks. Later on we relax this assumption and apply the tests proposed by Caner and Hansen (2001) that allows for testing unit roots and asymmetry using threshold autoregressive methods. This is because some theoretical and empirical models of credit markets with imperfect information point out to possible asymmetric behaviour of rids as changes in interest rates may influence subjective risk perceptions by creditors. If the series are asymmetric, the power of unit-root tests will improve. The pattern of asymmetry showed by rids is also a relevant issue in itself, especially when we compare different countries.
While there is a substantial number of papers testing unit roots in nominal interest rates, inflation and even real interest rates, few studies are concerned with rids especially when the objective is to test the real interest rate parity hypothesis. Meese and Rogoff (1988) performed unit root tests in the series of rids of the US, UK, Japan and Germany over the period 1974M2 to 1986M3. They could not reject the hypothesis that there is a unit root in the series of long term real interest rate differentials, but not in short-term differentials. In fact, they found that both nominal and real short-term interest rate differentials appear to be stationary in levels. Along the same line of Meese and Rogoff (1988) , Edison and Pauls (1993) performed ADFtests on rids using quarterly observations from 1974 to 1990 for the G-10 countries.
They could not reject the unit root hypothesis. Obstfeld and Taylor (2002) questioned why Meese and Rogoff (1988) Edison and Pauls (1993) and McDonald and Nagayasu (2000) could not reject the unit root hypothesis given the increasing globalisation of capital markets "…if capital is perfectly mobile, this dooms to failure any attempts to manipulate local asset prices to make them deviate from global prices, including the most critical macroeconomic asset price, the interest rate" (pp.17). In their view, the failure to reject the null stems from the fact that these authors focused attention on the recent float, had shorter samples, and used tests of low power such as the ADF test. The sample used by Obstfeld and Taylor (2002) includes rids of three countries relative to the USA (UK, France and Germany) from 1870 to 2000. Their results, using standard ADF and Elliott (1999) tests, show that the hypothesis of a unit root can be rejected at the 1% level in all periods except for the recent float: "The most striking impression conveyed by the figure is that differentials have varied widely over time, but have stayed relatively close to a zero mean. That is the series appear to have been stationary over the very long run, and even in shorter sub periods." (pp.26). By splitting the sample of the recent float in two sub periods (1974-1986 and 1986-2000) they found that the evidence against a unit root is stronger over the second sub period.
Data
The countries chosen for our tests can be split into three groups. The first one Our sample period starts in the mid 90s because harmonised data for the construction of the rids for some of our countries did not exist before this period. 4 An advantage of using this period is that after the mid-90s most of the countries had liberalised capital markets and had advanced substantially in their trade liberalisation process. As shown previously, the RIPH is based on the assumptions of frictionless goods ands assets' markets. If there are restrictions to trade in these markets, arbitrage would be constrained and different outcomes from those predicted by the RIPH may arise. The ex post real interest rate is defined as
where i t is the nominal interest rate earned on a one-period bond or deposit that matures at time t, i.e., it is the nominal return from holding the one-period bond from t-1 to t; π is the actual (or ex post) inflation from t-1 to t. Edwards (2001) , among others, acknowledged the difficulty in measuring the "true" degree of capital mobility and thus the starting period of the financial liberalisation. In spite of this difficulty, however, it is recognised that there has been a marked increase in the flows of capital across countries especially during the nineties.
international arbitrageurs and has a fixed maturity. 
Unit root tests
The results of ADF tests are reported in Table 1 . We found the optimal augmentation lags by using a sequential general-to-specific criteria. The results show that we can reject the hypothesis of a unit root only for Brazil, Mexico, Turkey and UK(Ger). 9 It must be stressed, however, that our test statistics were very sensitive to the number of lags, which means that inaccuracy in the lag selection may have led to biased conclusions. Increasing the number of lags of Brazil from 3 to 5, or in the case of Mexico from 1 to 5, for example, imply the non rejection of the null hypothesis of a unit root. Nonetheless, as briefly discussed in section II, failure to reject the unit root is likely to be explained by the low power of ADF tests. Hence, we performed the already mentioned more powerful tests. As we can see in Table 1 , the results using ERS (1996) were slightly different. Using the same number of lags chosen for the ADF tests, we could reject the unit root hypothesis not only for Brazil, Mexico and Turkey but also for the rid of Chile-US. The findings of the tests using the method proposed by Elliot (1999) were very similar to that of ERS (1996) , the only difference is that we could also reject the null of a unit root for the rid of UK(Ger) which we were already able to reject using ADF tests. The KPSS test allowed us to accept the hypothesis of stationarity for most countries of the sample. Apart from the countries mentioned before, we could not reject the hypothesis of level-stationary for the rids of Argentina, France(US) and Chile(Ger) but not for Brazil. We could also not reject the null of stationary for the rid of the UK and US(Ger).
Although these methods provide more powerful alternatives to the ADF test, they do not take into account structural breaks. The plots of rids in Figure 1 reveal that many of these series may contain a break in their mean. This is especially so for 
where T b denotes the break date; 1( ) and ( ) 1( 1)
The test is performed using the t-statistic for the null hypothesis that a 1 =1. The results of this test are reported in Table 2 .
We were able to reject the unit root for Brazil, Chile, Mexico, Turkey, Italy(Ger), Spain(Ger) and UK(Ger) using the date break suggested by the first method. The unit root hypothesis was also rejected for Mexico(US), Turkey, Italy and Spain(Ger) using the date break of the second method. Nevertheless, we could not find evidence of non-stationarity for the rids of Spain(US) in any of the tests. We suspect that systematic forecast errors due to excessive credibility in the convergence to low inflation levels could explain the unit root behaviour of the rid of Spain(US). The tests carried out also allowed us to calculate half-lives of deviations from equilibrium and the equilibrium itself as given by equation (8). It must be stressed that rids converge to an equilibrium level only if there is not a unit root in the series. As previously stated, the low power of the traditional tests implies that a unit root may not exist even if we are not able to reject the null. Hence, we decided to calculate the half-life and equilibrium level of rids for all countries including Spain(US). The results are reported in Table 3 .
According to the estimated roots obtained with standard ADF tests, some countries of our sample have highly persistent rids. The half-life of the rid of Argentina, for example, varies from 3.4 to 13.1 months. In the case of Italy and Spain, the half-life varies from 5 months to 10.3 months. The most persistent rids, according to our results, are those of Argentina and Italy. On the other hand, the tests using the Perron (1997) methods suggest a smaller degree of persistence for the rids of all countries. Half-lives vary between 0 and 3.2 months, with the exception of Argentina(US). Thus, when possible structural changes are taken into account, rids of almost the whole sample are short-lived.
Estimated equilibrium levels for the rids from the ADF and Perron (1997) equations are reported in Table 4 . 11 Equilibrium levels of rids are significantly different from zero if both the intercept and estimated root are significant. Inspection of Table 4 shows that the rids of Brazil, Chile, Mexico, Turkey, UK(Ger) and US(Ger) converge to a mean value that is statistically different from zero. These values were higher for Turkey, Brazil, Argentina, Mexico and Chile in descending order. These results point out to risk premium as a likely explanation of permanent higher levels of real interest rates. When we allowed for structural changes using the date breaks retrieved by the first method of Perron (1997), we found that the rids of Argentina, Brazil, Chile, Mexico, Turkey, Italy(US) and Spain converge to equilibrium values that are statistically significant.
Asymmetry and unit roots
The previous unit-root tests assume that rids follow a linear representation or linear path around a breaking trend. However, recent developments in the theory of imperfect capital markets/imperfect information suggest that the behaviour of rids may be asymmetric because risk perceptions may vary with changes in interest rates themselves. The argument is summarised in Stiglitz (1999) and a similar argument put forward in Pakko (2000) . 12 Given the existence of asymmetric information in international credit markets, lenders will look at increases in interest rates as a signal that determines their subjective probability of bankruptcy (or default). As Stiglitz (1999) explains "[…] the probability of bankruptcy may depend on the interest rate 11 We just report equilibrium levels obtained using Perron (1997) for break search method 1, as method 2 gave similar results.
charged, so that beyond a point, increases in the interest rate charged actually lead to lower expected returns" (p. 64) which relates to the idea that "The dominant effect of large, unanticipated increases in interest rates is thus induced bankruptcies and an increase in non-performing loans" (p. 65). The consequence of these arguments for the RIPH is that the country risk premium may depend on changes of the interest rate and, hence, rids would converge to different equilibrium differentials if previous changes in rids surpass a certain threshold. This multiple equilibria idea would induce asymmetries in the time series behavior of rids. representation (Caner and Hansen, 2001 ):
where y t-1 = (1 rid t-1 ), 1 {.} is the indicator function that takes the value of 1 if z t-1 is higher or lower than a threshold λ, and 0 otherwise. The variable z t is any stationary variable that would determine the change of regime. For our purposes, we set z t = rid t 12 Some of these features are commonly introduced in models of speculative attacks with asymmetric information. The idea in the context of the 1997 South East Asian crisis is discussed in Radelet and Sachs (1998) . 13 Recent papers by Nakagawa (2002) and Obstfeld and Rogoff (2000) amongst others present evidence that suggests that convergence towards PPP may be non-linear. This is usually associated with theoretical models in which market segmentation arising from various transaction costs introduce nonlinearities in the adjustment of real exchange rates (RER) as in Obstfeld and Rogoff (2000) . These kinds of non-linearities may also induce asymmetry in the speed of adjustment of rids to positive and negative shocks.
-rid t -m . That is, we assume that rids may have a different behaviour depending on whether past changes in rids have been higher or lower than a certain threshold λ. Granger (1998) . The lag length m for the changes in rids will be data determined as will be the search for the optimal threshold λ. Finally, the parameter vectors θ 1 and θ 2 can be partitioned as
This is a momentum-TAR model or M-TAR as in Enders and
The choice of the threshold λ could be simply made on an a priori basis, such as setting λ = 0 or equal to the sample mean of ∆rid t . However, this would be a biased estimate of the threshold if asymmetric adjustment exists and a subjective measure. In order to search for the optimal threshold, we follow Chan (1993) and find λ as the value of ∆rid t that minimises the residual sum of squares of the OLS estimation of (18). The procedure we follow to test simultaneously for asymmetry and unit roots implies first estimating a baseline model for the linear ADF regression to determine the lag augmentation of the DF regression using general-to-specific techniques as in previous sections. We then select the threshold by minimising the residual sum of squares of (6) 
The first alternative corresponds to the stationary case, whilst the second implies stationarity in only one of the regimes, which implies overall non-stationarity but a different behaviour from the classic unit-root. Caner and Hansen (2001) develop asymptotic theory for the distribution of this unit-root test. However, for finite samples they recommend the use of bootstrapping. As the distribution of the test statistic will depend on whether or not a threshold effect exists, p-values obtained through the bootstrap are not unique. We hence obtained the bootstrapped p-values from 1,000 iterations under the hypothesis that the threshold is not identified (R1) and under the hypothesis that it is identified (R2). These two tests have substantially more power than the ADF test as threshold effects become more important. In order to discriminate between the two alternatives in H 2 , Caner and Hansen (2001) recommend looking at the t-ratios of ρ 1 and ρ 2 .
The results are provided in Table 5 where we report the estimated threshold (λ), the lag of the change in rids for the determination of the threshold (m), and the estimates of the parameters of (18) in both regimes. Asymmetry appears to be a prevalent feature in the data. We can reject the null of no asymmetry for at least one pair of rids for all countries except Mexico and the UK. Observing the values and tratios of the intercepts and autoregressive terms we can see that this asymmetry is associated with both differences in intercepts in both regimes and asymmetric adjustment speeds, although the former appears more frequently. As for unit roots, the results confirm that taking asymmetry into account is important, as we can reject the null of non-stationarity for all the countries by at least one of the R tests except for Argentina, Italy and Spain. 16 In several cases, such as US(Ger) and UK, rids appear to be stationary when decreasing and non-stationary when increasing above the threshold. The other way around occurs for Brazil, Chile and Turkey.
Other important features appear when observing the different behaviour of emerging and developed markets in our sample. For France, UK and US(Ger) the intercept is either statistically insignificantly different from zero or close to it in both regimes. The speed of adjustment for these countries, as already mentioned, is higher when decreasing and lower when increasing. This pattern in the speed of adjustment is reversed for Brazil, Chile, Mexico and Turkey. Furthermore, for these countries the intercept tends to be close to zero when the rids are growing below the threshold and significantly higher than zero when it is rising. This positive intercept would imply large equilibrium rids especially for Turkey and Brazil. In relation to the theoretical models of imperfect information in credit markets, these results may seem to indicate that large increases in interest differentials may be negatively interpreted by the market, which in turn imposes a higher risk premium. The fact that this pattern does not seem to arise for developed markets also supports this idea as, during this period, none of these countries has suffered large swings of their interest rates that may have induced this change in risk perception effect.
Conclusions
We have presented evidence on the Real Interest Parity Hypothesis for a set of developed and emerging markets for the period that spans from the mid-90s until the middle of 2002. Our results show that, despite the short time span, we were able to find mean reversion in rids. The speed of mean reversion is high, indicating that real differentials tend to be short lived. This is especially so if we allow for the likely possibility of structural breaks in the series. We were able to reject the unit root hypothesis or to accept the null of stationarity for all countries, excluding Spain relative to the US. This evidence supports the hypothesis of a high degree of market integration, which is consistent with financial liberalisation and the emergence of global capital markets. The pattern of adjustment is asymmetric, that is, whenever rids grow above or below a certain threshold they tend to behave differently. For emerging markets adjustment is quicker when rids grow fast, while for countries such as France and the UK adjustment is quicker when rids grow below the threshold.
Nonetheless, we found evidence supporting the existence of a positive longrun mean in the rids of, especially, emerging markets. The long run mean of emerging markets economies tends to be higher than for developed ones, for which it is zero or close to zero. Our results also suggest that foreign financial crisis may have generated structural changes in rids. Finally, we found evidence that equilibrium rids for emerging markets are high in periods of rapid growth of the rid. All these features point out to the existence of large risk premia for emerging markets, but not for developed markets.
In general, our results support recent evidence on the RIPH for developed countries despite the short sample of our study. It also complements this literature with evidence from emerging markets. For these countries, the RIPH with a risk premium component seems to be a more realistic specification. We also find that asymmetries induced by either risk perception changes or transaction costs seem to be an important feature when explaining real interest rates differentials. 2 )The null hypothesis is that the long run equilibrium level is equal to zero. * denotes significance at 5% ** denotes significance at 10% 
